Dear Editor,

I
am Dr. Pitipol Choopong, from the Department of Ophthalmology, Siriraj Hospital, Mahidol University, Bangkok, Thailand. I write to present a case of successful treatment of retinal neovascularization (NV) from tuberculous retinal vasculitis using intravitreal bevacizumab prior to and after laser photocoagulation. Ocular tuberculosis, a reactivation of latent tuberculous infection, has a broad range of clinical manifestations. The clinical appearance may occur in the eye, around the eye, or on its surface [1] . Among these, involvements of the posterior part of the eye, including retinal vasculitis, choroidal tubercles and choroidal tuberculoma are the most common [2] . Tuberculous retinal vasculitis treatment comprises of a 9 to 12mo course of anti-tuberculosis therapy (ATT) with or without concomitant systemic corticosteroids [3] [4] . However, despite prompt ATT, ocular complications such as retinal vascular occlusion followed by retinal NV, vitreous hemorrhage, and neovascular glaucoma may occur. The main treatment for these complications is laser photocoagulation of the ischemic retina to induce involution of NV, but recurrent vitreous hemorrhages usually preclude the view of retina and delay the successful laser therapy [5] [6] . Intravitreal injection of anti-vascular endothelial growth factor (anti-VEGF) temporarily reduces the number of NV and vitreous bleedings. It showed benefits in the treatment of retinal NV from various ocular diseases such as diabetes mellitus, retinal vein occlusion, and uveitis but there was limited evidence for those related to tuberculous retinal vasculitis [7] [8] [9] [10] [11] . We here reported a case of retinal NV caused by tuberculous retinal vasculitis that was successfully treated with laser photocoagulation together with intravitreal bevacizumab injections.
A 29-year-old Thai male presented with progressive loss of vision in his right eye for one month. The best-corrected visual acuity was 6/60 in the right eye and 6/6 in the left eye. Tonometry was normal in both eyes, and slit-lamp examination revealed mild vitreous cells in the right eye without other significant findings. Retinal vasculitis and branch retinal vein occlusion, which occurred mostly in temporal half of the right fundus, were seen by fundoscopic examination. Fluorescein angiography demonstrated multiple large areas of capillaries dropout in the temporal side of the macula and peripheral retinal area. Early and late vascular leakage was also observed throughout the retina ( Figure 1 ). Fundoscopic examination and angiography of the left eye appeared normal. Complete blood count, chest X-ray, ESR, TPHA, VDRL, anti-HIV, ANA, anti-dsDNA, and rheumatoid factor tests were within the normal limits. Interestingly, tuberculin skin test demonstrated highly positive result, with a 19-mm wheal. The diagnosis of presumed tuberculous retinal vasculitis was made. The patient was treated with the standard 4-drug ATT including isoniazid (I), rifampicin (R), pyrazinamide (Z), and ethambutol (E). Retinal vasculitis began to resolve within two weeks after the initiation of therapy. However, two months later, retinal and optic disc NV with vitreous hemorrhage and secondary glaucoma due to peripheral anterior synechiae developed ( Figure 2 ). Intravitreal bevacizumab 1.25 mg/0.05 mL injection was given to the patient two weeks before segmental retinal photocoagulation. The retinal NV resolved considerably in one month after treatments. Trabeculectomy with mitomycin C was performed later to control the intraocular pressure. The patient responded well to a 9mo ATT course (2IRZE/7IR). Unfortunately, he had retinal NV and vitreous hemorrhage recurred two months after the cessation of ATT (seven months after the first injection). We administered the second injection of intravitreal bevacizumab without additional photocoagulation. At last, vitreous hemorrhage and retinal NV completely regressed within two weeks, and there was no recurrence within a 12mo period of follow-up (Figure 2 ). Tuberculous retinal vasculitis could result from either direct invasion of Mycobacterium tuberculosis or a hypersensitivity reaction to tuberculous protein [12] . It is a major risk for developing retinal vascular occlusion, ischemia and infarction. These ischemic vascular complications induce massive production of the VEGF and upregulation of their receptors (VEGFR). The ligation of VEGF on VEGFR induces endothelial cell proliferation, angiogenesis, and increased microvascular permeability which in turn leads to vascular leakage and NV. These also results in adverse effects including macular edema, retinal hemorrhage, vitreous hemorrhage, retinal detachment and permanent visual loss [6, 13] . According to the recommendation of American Thoracic Society, Center for Disease Control, and Infectious Disease Society of America for Extrapulmonary TB, standard 4-drug ATT is given initially for 2mo (2IRZE), followed by 2-drug regimen for 4-7mo (4-7IR) [14] . In our patient, ATT, as a major therapy, proved to be efficacious in controlling retinal vasculitis as well as preventing recurrent inflammatory episodes without concomitant corticosteroids. However, it did not show an effect on prevention or resolution of retinal and optic disc NV. Instead, photocoagulation and intravitreal bevacizumab resolved this complication. Many studies have demonstrated the effectiveness of anti-VEGF to treat NV and its sequelae in various inflammatory diseases [9, [15] [16] [17] [18] [19] . Intravitreal bevacizumab was very helpful in our circumstance as it rapidly cleared vitreous hemorrhage and reduced the severity of retinal NV. It promoted better retinal evaluation and reduced the waiting time before laser photocoagulation. However, retinal NV may recur despite adequate photocoagulation due to residual VEGF-VEGFR ligation. In our case, an additional intravitreal bevacizumab could regress the blood vessels without the need of supplementary laser. Although intravitreal bevacizumab demonstrated benefits in our case, two previous case reports failed to see the efficacy [10] [11] . While our case had branch retinal vein occlusion, both previous cases associated with central retinal vein occlusion. The larger extent of venous obstruction could cause more severe retinal ischemia and massive expression of VEGF, resulting in poor response to anti-VEGF. Besides, photocoagulation was not performed in the early state of both cases. Therefore, it should be noted that photocoagulation is still mandatory for the treatment of retinal NV from tuberculous retinal vasculitis, anti-VEGF only temporarily facilitate vitreous clearing and minimize NV. The appropriate numbers and interval of injection cannot exactly be determined since it should depend on the severity of underlying inflammation and the extent of a retinal vascular shut down.
In the future, we suggest performing more controlled studies to observe safety and efficacy of intravitreal anti-VEGF in tuberculous retinal vasculitis.
In conclusion, tuberculous retinal vasculitis causes many complications such as retinal ischemia and NV. The main treatment is ATT with or without corticosteroids. Intravitreal injection of anti-VEGF, as an adjunct to standard antituberculous treatment and retinal photocoagulation, seems to be effective in clearance of vitreous hemorrhage and reduction retinal and optic disc NV.
